Abstract Poor pregnancy and birth outcomes are major problems in the United States, and maternal smoking during pregnancy has been identified as one of the most preventable risk factors associated with these outcomes. This study examines less explored risk factors of smoking among underserved African American pregnant women. A crosssectional survey was conducted at an outpatient obstetricsgynecology clinic of an inner-city university hospital in Virginia from March 2009 through January 2011 in which pregnant women (N = 902) were interviewed at their first prenatal care visit. Survey questions included items related to women's sociodemographic characteristics as well as their pregnancy history; criminal history; receipt of social services; child protective services involvement; insurance status; and history of substance abuse, domestic violence, and depression. Multiple logistic regression was conducted to calculate odds ratios and 95 % confidence intervals depicting the relationship between these factors and smoking during pregnancy. The analysis reported that maternal age .74] during pregnancy were statistically significant risk factors associated with smoking during pregnancy. In addition to the well known risk factors, public health professionals should be aware that criminal history and receipt of social services are important factors associated with smoking during pregnancy. Social service providers such as WIC and prisons and jails may offer a unique opportunity for education and cessation interventions during the preconception or interconception period.
Introduction
Maternal smoking during pregnancy is a serious and preventable risk factor that is associated with poor pregnancy outcomes. In the United States, measures of both infant morbidity and mortality have been attributed to maternal smoking, including nearly 20 % of low birth weight births, 7.7 % of preterm deliveries, one-third of sudden infant deaths (SIDS), and 7.3 % of preterm-related deaths [1] . Maternal smoking has also been associated with a host of health conditions in infants and children, including viral and bacterial infections, middle ear effusions, asthma, periodontal disease, and SIDS [2] [3] [4] [5] [6] .
Despite the documented risks of smoking during pregnancy to both mother and fetus, up to 13 % of women in the U.S. continue to smoke during pregnancy [7] . Because of the health risks to both mother and fetus, some consider pregnancy a ''window of opportunity'' for practitioners to educate female smokers to quit. Studies have reported that women are more likely to quit smoking during pregnancy than at any other time in their lives and smoking cessation is most likely to occur during the first trimester [8] . To fully prevent the deleterious consequences of smoking on mothers and fetuses, health care professionals should be aware of the potential risk factors associated with prenatal smoking.
Research examining risk factors associated with smoking during pregnancy has amassed in recent years, revealing consistently strong relationships between illicit drug and alcohol use, maternal age, education, parity, and a variety of other socioeconomic and psychosocial variables with prenatal smoking [9] [10] [11] [12] [13] . Additionally, maternal depression and its relationship to prenatal smoking have received considerable attention in recent years. Several researchers have found links between depressive symptoms and continued tobacco use during pregnancy [14, 15] ; however, no firm relationship and directionality has been established between depression and prenatal smoking [16] .
Although the associations between some demographic and behavioral variables and maternal smoking during pregnancy have been studied previously, there are many other domains that remain largely uninvestigated. In order to develop effective prevention and intervention strategies, further exploration of additional indicators associated with prenatal smoking is warranted. One such unexplored possible risk factor is criminal history, even though daily smoking rates among female arrestees have been estimated to be as high as 70 % [17] . Additionally, criminal history has been strongly associated with illicit substance use among women [18, 19] , and the majority of female offenders have been found to have history of drug-related charges [20] . Women who are incarcerated are also significantly more likely to smoke, use alcohol, or illicit drugs during pregnancy [21] . However, imprisonment has also been associated with improved birth outcomes, such as a decreased risk of low birth weight, when incarcerated women were compared to a similarly disadvantaged control group [22] . Improving maternal preconception health, including preventing substance use such as smoking, illicit drugs and alcohol, has been suggested as the most effective way to prevent poor pregnancy outcomes [23] . It is important to explore history of incarceration in relation to substance use because prisons and jails can provide access to offer preventive services to high risk women in the preconception and interconception periods. Another factor that requires investigation is the utilization of social services. A large proportion of underserved minority childbearing women are recipients of social services such as WIC, TANF and SSI. While there has been equivocal evidence regarding the impact of WIC participation and smoking, there is some data from the Pregnancy Nutrition Surveillance System (PNSS) to support that enrollment in WIC is associated with a decline in smoking as pregnancy progresses [24] . These preventive services may also offer an opportunity to provide smoking cessation services.
The primary objective of this study was to build on previously established risk factors and examine the unique contributions of less explored variables such as criminal history and social services among low income African American Women. Identification of these factors may help public health professionals to design interventions that target women at high risk of smoking.
Methods
A cross-sectional survey was conducted from March 2009 through January 2011 at an outpatient obstetrics-gynecology clinic of an inner-city university hospital in Virginia. The survey was part of a screening procedure to determine women's eligibility for a randomized clinical trial. This clinic primarily serves African American, indigent, and uninsured women, as well as women with high-risk pregnancies who require intensive prenatal care. To be eligible to participate in the screening interview, women had to be African American, pregnant, attending their first prenatal care visit, 16 years of age or older and English speaking. Of the 921 women who were invited to participate, 902 (97 %) completed the survey. A number of strategies were undertaken to achieve the high response rate. First, research staff had a daily presence within the OB-GYN patient waiting room, which allowed for direct recruitment of participants while they were waiting for clinical appointments. Second, both informed consent and the screening survey were conducted via face-to-face interview with the research staff, which ensured a personal interaction and high-quality data collection. Finally, participants received a $10 gift card for their time. This study was approved by the Virginia Commonwealth University's Institutional Review Board (VCU-IRB).
The survey instrument included items related to respondents' demographic and socioeconomic characteristics, insurance, receipt of social services, history of substance use, history of domestic violence, history of depression, and criminal history (arrest for offenses other than traffic violations). Survey participants were also asked to indicate the date of their last menstrual period (LMP), their estimated due date and the number of weeks they had been pregnant.
Our classification of women's smoking status was based on their response to the question, ''When did you last smoke a cigarette?'' Response options to this question were: never smoked, and smoked today, past 7 days, past month, past 3 months, past 6 months, past year, more than a year ago. Those who indicated they had ''smoked today'' were classified as smokers, and those who indicated they had not smoked that day, were classified as nonsmokers. Additionally, separate analyses were conducted among those who smoked in the past 7-days and 30-days to examine factors for women who were occasional smokers. Alcohol use (''When did you last drink something containing alcohol?,'') illicit drug use (''When did you last use illicit or street drugs (e.g., marijuana, cocaine, crack, heroin, etc.)?''), and prescription drug abuse (defined as taking prescription drugs not prescribed by a doctor or taking an amount greater than what a doctor prescribed), were classified based on whether they reported using these substances within the preceding month.
The 3-item ''Partner Violence Screen'' was used to ascertain risk for past and current domestic abuse [25] . This instrument has been validated in health care settings, and asks women if they fell safe in their current relationship, if a partner from previous relationship makes them feel unsafe currently, and if they have been ''hit, kicked, punched, or otherwise hurt by someone in the past year?'' Women were classified as displaying ''depressive symptoms'' if they respond affirmatively to either of the following questions adapted from the 2-item Patient Health Questionnaire (PHQ-2) [26] : ''During the past month, have you felt down, depressed, or hopeless more days than not?'', and ''During the past month, have you had little interest or pleasure in doing things more than not?'' Women were classified as having a criminal history if they reported having been arrested or incarcerated for any reason other than traffic violations. Women were classified as having received social services if they reported having participated in the Temporary Assistance for Needy Families (TANF) program, the Supplemental Security Income (SSI) program, the Special Supplemental Nutrition Assistance Program for Women, Infants, and Children (WIC), or other social service programs such as food stamp.
Data Analysis
Descriptive analyses were conducted to assess the distribution of demographic, social, reproductive and behavioral characteristics of the survey respondents by smoking status. The unadjusted relationship between study variables and the prevalence of smoking was examined and odds ratios and 95 % confidence intervals (95 % CI) were calculated. A separate multiple logistic regression analyses were conducted to assess factors associated with prenatal smoking among those who smoked today, past 7-days and 30-days. Each of the variables was tested and factors significantly contributing to the fitness of the model were retained. To identify the best predictor model, the -2 log likelihood was examined using best-subset model. Models that include variables contributing to the best fit model were retained.
Results
Of the 902 pregnant women interviewed 898 (99.6 %) women provided a valid response to the smoking question. Table 1 describes the study population. The average age of the study population was 24.8 (SD = 5.9) years, and the average duration of their pregnancies was 15.1 (SD = 8.3) weeks (Table 1) . Nearly 17 % of the women reported smoking the day of their prenatal visit and 26 % and 32 % reported smoking in the past 7-and 30-days, respectively. A significant proportion of women reported having had a high school education and being unemployed; and a majority reported being single and having public insurance. Approximately 45 % reported experiencing depressive symptoms; 19 % reported having a criminal history; 63 % receiving social services; 8 % reported having had contact with child protective services; and 14.6 % reported alcohol, and 6.9 % illicit drug use during the previous month.
The results of the unadjusted and adjusted analyses showed that maternal age, education level, employment status, criminal history, receipt of social services alcohol and illicit drug use during pregnancy were statistically significantly associated with smoking on the day of the prenatal care, in the past 7-days and past 30-days (Tables 2, 3 ). While depression contributed to the overall fitness of all the models, it only showed a statistically significant estimate among those who smoked in the past 30-days. The odds of smoking on the day of the prenatal care, in the past 7-days and past 30- 
Discussion
The current study reported a statistically significant association between prenatal smoking and the less explored variables, criminal history and receipt of social services. Additionally, this study confirmed previous findings showing smoking during pregnancy to be associated with maternal age, education level, insurance status, and use of alcohol and illicit drugs during pregnancy [11] [12] [13] . These factors were consistently significant regardless of women's smoking status (the day of the prenatal care, past 7 or 30 days).
In general, women who have been incarcerated tend to be less educated, more likely to be unemployed and uninsured, and more likely to smoke and use illicit drugs than women who have not been incarcerated. Similarly, women who receive social services tend to have these risk factors suggesting that providers of these special populations should make special effort to target and educate women about the consequences of smoking and offer smoking cessation programs earlier in the pregnancy or before they become pregnant.
The current analyses revealed that older women, those with less education, and unemployed women were more likely to smoke during pregnancy. Consistent with the findings of this study, results from a previous study showed the likelihood of smoking during pregnancy to be associated with maternal education level and employment status [11] . The study reported that younger women were more likely to smoke during pregnancy, unlike the results of this study where the likelihood of smoking is higher among older women. One possible explanation for this difference is that smoking prevention efforts targeting youth may have contributed to the decline in smoking among younger women. The finding of this study that women with less than a high school education were substantially more likely to smoke during pregnancy than women with more than a high school education was consistent with findings of Gilman et al. [11] and Agrawal et al. [12] . Women with lower levels of education may have less access to smoking cessation programs than women with higher levels, and the programs available to them may be less effective [27, 28] . Although the relationship between smoking and postpartum depression has been studied fairly extensively, relatively fewer studies have examined the relationship between smoking and prenatal depression. Results of a recent review by Lancaster et al. indicated no consistent association between smoking during pregnancy and prenatal depression [29] ; however, results of several other studies have shown smoking during pregnancy to be a predictor of depression during pregnancy [30] [31] [32] [33] . The finding of this study showed a statistically significant association between smoking in the past 30-days and depression but the association didn't reach significance among those who smoked on the day of the prenatal care and in the past 7-days. Due to the small number of women who reported smoking more recently, there may have been insufficient power to detect a statistically significant difference. Research results suggest that depressed smokers face more challenges in attempting to quit than nondepressed smokers do, including a more negative mood during nicotine withdrawal, a higher level of nicotine dependence, and a greater likelihood of relapse [34, 35] . The possible association between prenatal smoking and depression indicates that health care professionals should consider screening pregnant smokers for depression and provide them with treatment options.
Unlike previous studies [16, 36, 37] , whose results showed a strong association between violence and smoking, this study did not find physical violence to be a significant correlate of smoking during pregnancy in our adjusted analysis (despite its statistical significance in the unadjusted analysis). This difference in adjusted findings may be due to differences in the type of confounders controlled in the studies. Additionally, few women (18 %) in this study reported to be married or living with a partner.
This study examined factors associated with antenatal smoking among inner city African American pregnant women and examined factors that are not typically assessed. Identification of these risk factors is the key to designing successful interventions. Public health interventions that have proven to be effective in reducing smoking rates in the general population and also impact smoking in pregnancy include increasing the price of cigarettes and using advertisements to educate the public about the harmful effects of tobacco [38] [39] [40] [41] . To fully prevent the deleterious consequences of smoking, women should also refrain from smoking prior to conception, particularly during the months immediately before the pregnancy. Moreover, because underserved minority women (such as those in our study) tend to enter prenatal care late, the window of opportunity for preventing the adverse consequences of smoking during pregnancy is even shorter among them. Therefore, it is important for public health providers to design smoking-cessation interventions that target women before they conceive with a life course perspective for intervention. Furthermore, efforts should be made to reach preconception and interconception women beyond the clinical setting. Prisons and jails and social service programs may be appropriate venues to reach women for such interventions. Additionally, organizational policy changes such as the implementation of smoke-free prisons and jails coupled with smoking cessation programs may provide women the opportunity to quit smoking.
Despite its strengths in examining factors that have not been well investigated, this study has some of limitations. This study used self reported data to examine smoking status. Due to social desirability, it is possible that smokers might have been misclassified as non smokers. This may have resulted in underestimation or lack of an association with some of the variables. A recent article by Dietz et al. reported that non-disclosure of smoking status was higher among active pregnant smokers, especially among nonHispanic Blacks [42] . However, findings of this study were fairly consistent with the findings of other studies [11] [12] [13] [14] [15] . This study was unable to investigate the roles of other factors such as partner's history of smoking and secondhand smoke, and life time difficulty to quitting smoking. Lastly, this study reported odds ratios instead of prevalence odds ratio which might have overestimated the association.
In summary, this study reported that the likelihood of smoking during pregnancy was significantly higher among women with a criminal history and social services utilization. These findings suggest that in addition to being alert for established sociodemographic factors, health care professionals should be aware of criminal history as an important predictor of prenatal smoking. Additionally, social services provider agencies such as WIC, and prisons and jails could provide an opportunity to reach these high risk populations.
We recommend that future studies of the relationship between various factors and maternal smoking during pregnancy should determine women's smoking status on the basis of laboratory tests rather than self reports, involve a more nationally representative sample of pregnant women, and investigate the effects of factors such as previous attempts to quit and exposure to second-hand smoke.
